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[57] ABSTRACT

A load cell device includes a load cell structure formed
of a suitable metal and including vertically spaced apart,
generally parallel horizontal elements integrally formed
with longitudinally spaced apart, generally parallel
vertical elements. Flexures interconnect each horizon-
tal element with the vertical elements. A bending beam
extends between and is interconnected with the hori-
zontal or vertical elements. When a load is applied ver-
tically and perpendicularly to one of the horizontal
elements, the load cell structure will elastically deform
as a parallelogram to thereby transfer shear force to the
bending beam to cause shear-induced bending of the
latter. Strain gages or frequency resonator crystal ele-
ments sense the shear-induced bending and are embod-
led in electronic circuitry which produces an output
signal caused by deformation of the bending beam. The

electronic circuitry is operable to convert the output
signal to a perceptive force readout.

1 Claim, 7 Drawing Sheets
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1
ELECTRONIC FORCE SENSING LOAD CELL

FIELD OF THE INVENTION

This invention relates to a force sensing load cell and,
more particularly, to an electronic force sensing load
cell, in which the bending induced strain to be measured
induced by pure shear.

BACKGROUND OF THE INVENTION

It has long been known to measure elastic strain re-
sulting from load-induced stresses of elements, such as
beams, columns, diaphragms, and the like, through the
use of electrical strain gages for the accurate translation
of the exhibited strains into convenient related varia-
tions in electrical impedances. Wire, foil, and semi-con-
ductor type gages find widespread application in such
transducer devices and lend themselves well to manu-
facture in lighly miniaturized form, suitable for installa-
tion upon small surface areas of such transducer de-
vices.

Commonly, the transducers are designed and fabri-
cated as self-contained devices intended to satisfy the
needs of a variety of installations, but, in general, they
tend to be accurately responsive only when the applied
loading is carefully centered with respect to a predeter-
mined axis. In small size transducer units, auxiliary dia-
phragms are often employed to suppress undesirable
lateral deflections. In larger transducer assemblies, such
as those embodied in massive weighing platforms or the
like, potentially troublesome side forces may be resisted
by strong, but somewhat elastic, structural members,
which are sometimes referred to as flexures or stay rods.
In these arrangements, flexible guide means are pro-
vided, which effectively parallel the load cells or trans-
ducers. In load cells of this particular design, the critical
spring characteristics of the sensor are modified by
those of the parallel flexure members or stay rods, and
measurement accuracy and linearity can be seriously
impaired by any erratic or non-linear behavior of these
members. More recently, some load cells have used
force-sensitive resonators to measure the frequency
output as the function of the applied load.

However, these prior art load cells, as described here-
inabove, are limited in resolution by anelastic creep and
static strain hysteresis, which is apparent when low
shear stresses, in relation to bending stresses, exist
within flexing elements of the load cells. Further, in
these prior art load cells, side forces and effects, other
than the forces to be measured, must be offset by bridge-
circuit balancing. Bridge-circuit balancing requires that
the placement of the strain gages be exact and also
requires that the gage factors of all of the gages be the
same. It has been the general custom and practice to
offset these inaccuracies by custom machining these
prior art load cells.

SUMMARY OF THE INVENTION

It 1s a general object of this invention to provide a
novel and improved electronic force sensing load cell,
which develops output signals highly isolated from
unwanted information and from disturbances attributa-
ble to variations in the location of loading forces.

Another object of this invention is to provide an
electronic force sensing cell, which displays reduced
anelastic creep and static strain hysteresis effects.

In carrying out this invention, the load cell is con-
structed to define symmetrically arranged horizontal
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and vertical rigid members, which are interconnected
by flexures so that the load cell forms and functions as
a parallelogram. In one embodiment of the invention, a
vertical bending beam extends between and 1s rigidly
connected to the horizontal parallelogram elements.
Strain gages are applied to the bending beam so that,
when one vertical parallelogram element is fixed and a
load is applied perpendicularly to the other vertical
clement, the load cell will deform as a parallelogram in
response to substantial shear. This shear induced defor-
mation 1s transferred to the bending beam which will
also elastically deform. The strain gages are included in
a Wheatstone bridge circuit. When the bridge circuit is
electrically excited, the output signal of the bridge cir-
cutt will measure the exhibited strains in the bending
beam, produced by the load force as pure shear, regard-
less of the specific location of loading the load cell.

In another embodiment of the invention, the bending
beam 1s horizontally disposed and extends between
vertical elements of the load cell. In a further embodi-
ment of the invention, offset vertical beam elements are
connected to the horizontal elements of the load cell.
Force sensitive resonator elements interconnect the
offset beam elements, and the frequency output of the

resonator elements is measured as a function of the
applied load.

FIGURES OF THE DRAWING

FIG. 1 1s a perspective view of one embodiment of
the novel load cell device;

FIG. 2 1s a side elevational view of the load cell de-
vice 1illustrated 1n an exaggerated load condition to
depict the dynamics of loading;

F1G. 3 1s a fragmentary elevational view illustrating a
modification of the bending beam of FIGS. 1 and 2;

FIG. 4 1s a fragmentary elevational view of a further
modification of the bending beam of the load cell device
of FIGS. 1 and 2;

FIG. S is an elevational view illustrating a different
embodiment of the load cell device;

FIG. Sa is a perspective view of the load cell device
of FIG. §5;

FIG. 6 is an elevational view illustrating a further
modification of the load cell device Hllustrate in FIG. 5;

FIG. 7 1s an elevational view of another embodiment
of the load cell device;

FIG. 8 is another embodiment of the load cell device;

FIG. 9 1s a fragmentary elevational view illustrating
another embodiment of the bending beam of FIG. 8;

FIG. 10 1s still a further embodiment of the novel load
cell device;

F1G. 11 1s a further embodiment of the load cell de-
vice; |
FIG. 12 is a diagrammatic schematic of the Wheat-
stone bridge circuit used with certain of the embodi-

ments of the load cell device; |

F1G. 13 1s a diagram of the circuitry employed when
the load cell device 1s used for sensitive resonators;

FIG. 14 1s an elevational view illustrating a different
embodiment of the load cell device; and

FIG. 15 1s an elevational view illustrating another
embodiment of the load cell device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings and, more specifi-
cally, to FIGS. 1 and 2, it will be seen that one embodi-
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3

ment of the novel electronic force sensing load cell
device, designated generally by the reference numeral
10, is thereshown. The electronic load cell device 10
includes a load cell structure 11, preferably machine
from a suitable metal, such as aluminum or the like. The
load cell structure 11 1s of rectangular configuration and
includes a vertical element 12, a vertical element 13, an
upper horizontal element 14, and a lower horizontal
element 15. The vertical elements 12 and 13 are dis-
posed in opposed parallel relationship to each other,
while the upper and lower horizontal elements are also
disposed in parallel relation with respect to each other.

The junctures between the upper horizontal element
and the vertical elements 12, 13 are relieved to define
flexures 16 at these junctures. Similarly, the junctures
between the lower horizontal element 15 and the verti-
cal elements 12, 13 are also relieved to define flexures 17
at these junctures.

The load cell structure 11 also includes a vertical
bending beam 18, which extends between, 1s integral
with, and is perpendicular to the upper and lower horn-
zontal elements at the transverse mid-portions thereof.
The beam 18 is rectangular in cross-sectional configura-
tion and is spaced inwardly and equidistant from the
longitudinal side edges 14a of the upper horizontal ele-
ment, and is spaced inwardly an equidistance from the
side edges 15a of the lower horizontal element. The
neutral axis 18C of the bending beam 18 is located at the
intersection of the transverse and longitudinal center
line planes of the load cell structure 11. The bending
beam 18 has a strain gage C1 and T1 secured to one
vertical surface 18a thereof and has a strain gage T2 and
C2 secured to the opposed vertical surface 18b thereof.
The strain gages are symmetrically placed along the

10

13

20
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30

neutral axis of the bending beam. The strain gages are of 35

the resistance type and, when excited, produce signals
in response to related variations in electrical imped-
ances. |

Referring now to FIG. 12, 1t will be seen that the
strain gages are connected in the bridge arms of a
Wheatstone bridge circuit 19. Conductors 20 and 21
connect the bridge circuit 19 to a source of electrical
current, and electrical conductors 22 and 23 connect the
bridge circuit to a suitable visual readout mechanism,
preferably a digital readout dial 24.

In use, the load cell structure 1s rigidly connected to
a support 25 to project therefrom in cantilevered fash-
ion. In the embodiment shown, the vertical element 12
is secured to the support 25, and the load to be measured
is designated by a load arrow 26. The applied load or
force is perpendicular to the upper surface of the load
cell structure. When a load is applied to the upper sur-
face of the vertical element 13, the flexures 16 and 17
connecting the vertical and horizontal elements of the
load cell structure elastically deform, as shown i FIG.
2, in the manner of a parallelogram. The deformation of
the flexures connecting the horizontal and vertical ele-
ments of the load cell occurs as substantial shear. This
deformation is transferred to the bending beam 18,
which bends or deforms in response to the load. Strains
developed in the bending beam cause the strain gages to
be strained. When the bridge circuit 19 is excited or
energized, the exhibited strain in the bending beam and
strain gages can be measured as related variations in
electrical impedance and converted into a readout sig-
nal, such as weight or the like.

Referring again to FIG. 2, it will be seen that, when
the load 26 is applied to the upper horizontal element
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14, the load cell will defilect or deform as a parallelo-
gram because of the construction of the load cell struc-
ture. Since the load cell structure is of one-piece con-
struction, the load applied to the load cell structure will
always be characterized as being applied substantially
perpendicularly and vertically to one of the horizontal
elements or to the upper (or lower) surface of the load
cell structure. This parallelogram-iike elastic deforma-
tion of the load cell occurs, regardless of the specific
location of the vertically applied load 26 on a surface
attached to vertical element 13. The deformation as a
parallelogram will occur, when the load is applied per-
pendicularly to the load cell structure, even though the
load is not centered with respect to the vertical longitu-
dinal center line plane of the load cell structure. Perpen-
dicular off-center side loading of the load cell structure
will not affect the parallelogram deformation of the
load cell structure. Therefore, the load or force trans-
ferred to the bending beam 18 1s substantially shear,
which is ultimately translated to the measured quantity,
such as weight or the like. Thus, the isolation of the
bending beam 18 substantially eliminates the measure-
ment of side forces or undesirable forces due to the
unsymmetrical application of the load.

The unique construction of the load cell structure 11
completely eliminates the need for any auxihiary dia-
phragms or flexure rods normally used in eliminating
undesirable lateral deflections and the like. Therefore,
the unique construction of the ioad cell structure 11
permits the structure to retain its critical spring charac-
teristics, which are essential in accurate load measure-
ment. Finally, since the load cell structure has been
constructed and designed to measure shear stresses, the
occurrence of anelastic creep and static strain hysteresis
is minimized, if not eliminated.

Referring now to FIG. 3, it will be seen that a modifi-
cation of the embodiment illustrated in FIGS. 1and 2 is
thereshown. In FIG. 3, only the modified form of the
bending beam, designated generally by the reference
numeral 38, is thereshown. It is pointed out that the load
cell which incorporates the bending beam 38 1s 1dentical
to that illustrated in FIGS. 1 and 2. The bending beam
38 has strain gages C1 and T1 affixed to the vertical
surface 38¢ thereof and has the strain gages T2 and C2
affixed to the surface 385 thereof. The bending beam 38
has a pair of vertically spaced apart openings 39 there-
through, which are located along the neutral axis 40 of
the bending beam. In the embodiment shown, the open-
ings 38 are cylindrical, and the neutral axis 40 passes
diametrically through these openings. It is also poimnted
out that the strain gages are connected in a bridge cir-
cuit identical to the bridge circuit 19. The arrangement
of FIG. 3 is employed in a load cell, as required by
certain capacity ranges. In this regard, there 1s an in-
crease in the shear-induced bending of the bending
beam 38 as a result of the removal of material at the
openings 39 along the neutral axis. The bending beam 1s,
therefore, responsive within the particular selected load
capacity ranges. Otherwise, the load cell depicted in
FIG. 3 operates in the same manner as the load cell of
FIGS. 1 and 2.

Referring now to FIG. 4, a further embodiment of
the bending beam, designated generally by the refer-
ence numeral 48, is thereshown. The load cell with
which the bending beam 48 is incorporated is identical
to the embodiment of the load cell structure of FIGS. 1
and 2. The bending beam 48 has upper and lower semi-
cylindrical recesses 49 in surfaces 48a and 480 thereof.
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It will be noted that the upper pair of recesses 49 are
disposed in opposed relation with respect to each other,
while the lower pair of recesses are also disposed in
opposed relation with respect to each other. The reces-
ses 49 are symmetrically related with respect to the
neutral axis 50 of the bending beam 48. A force sensing
crystal resonator element Q1 is secured to surface 48a of
the bending beam 48 and extends across one of the
upper recesses 49 thereof. A second force sensing crys-
tal resonator element Q2 1s secured to the surface 480 of
the bending beam 48 across the other upper recess 49
thereof. The resonator elements Q1, Q2 are disposed
along the neutral axis 50 and in opposed relation to each
other.

The circuitry diagram for the force sensor resonators
1s schematically illustrated in FI1G. 13. In the resonator
circuit, designated generally by the reference number
51, the resonator elements Q1 and Q2 are each electri-
cally connected to one of a pair of oscillator circuits 52.
The oscillator circuits excite the resonator elements
when the circuitry 51 1s energized. The frequency out-
put signals from the resonator crystal elements Q1 and
Q2 are directed to a microprocessor 53, having suitable
software for function and control.

The microprocessor i1s either connected t0 a com-
puter 54 for data storage, analysis and output, or the
microprocessor 54 is connected to an output display
and/or control 55. The resonator circuit 51 also in-
cludes a temperature sensor and circuit 56, which 1s
electrically connected to the microprocessor 33. Even
though the resonator elements Q1 and Q2 and the load
cell structure have matching thermal expansion coeffi-
cients, the temperatures of the load cell must be mea-
sured and corrections made for thermal stress, which
would be added to the applied load stress. The compu-
tation is accomplished in the microprocessor 53.

Referring now to the drawings, and, more specifi-
cally, to FIGS. 5§ and 5aq, it will be seen that a different
embodiment of the load cell device, designated gener-
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ally by the reference numeral 60, 1s thereshown. The 40

load cell 60 includes a load cell structure 61, which is of
generally rectangular-shaped configuration, and which
1s preferably milled from a metal blank formed of alumi-
num or the like. The load cell structure 61 includes a
vertical element 62, a vertical element 63, an upper
horizontal element 64, and a lower horizontal element
65. Upper flexures 66 connect the upper horizontal
element with the vertical elements. Lower flexures 67
connect the lower horizontal element with the vertical
elements.

The lower horizontal element 65 has a pair of longitu-
dinally spaced apart vertical load transfer elements 68
integrally formed therewith and projecting upwardly
therefrom. Each load transfer element 68 has a substan-
tially vertical surface 684, which merges downwardly
with one of the lower flexures 67. Each load transfer
element 68 also has a vertical surface 68b that merges
downwardly with the upper surface 65a of the lower
~ horizontal element 65. A horizontal bending beam 69 is
integrally formed with and extends between the load
transfer elements 68. It will be seen that the horizontal
beam 69 1s of generally rectangular cross-sectional con-
figuration and has flat upper and lower surfaces.

The upper horizontal element 64 has a load transfer
element 70 integral with the central portion thereof and
depending therefrom, and being rigidly interconnected
to the mid-portion of the horizontal bending beam 69. It
will be seen that the load transfer element 70 extends
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from the lower surface 64a of the upper horizontal
element 64. It will also be seen that the side surfaces 70a
of the upper horizontal element taper inwardly to
merge with the horizontal bending beam 69, the latter
having a width substantially less than the width dimen-
sion of the upper and lower horizontal elements of the
load cell structure. The upper surface of the horizontal
bending beam 69 has strain gages C1 and T1 affixed
thereto, and the lower surface of the bending beam has
strain gages C2 and T2 affixed thereto. It will be noted
that one pair of strain gages is located on one side of the
load transfer element 70 and the other pair of gages is
located on the other side of load transfer element 70 and
are symmetrically positioned with respect to the neutral
axis 74 of the bending beam.

One end of the load cell structure 61 is rigidly affixed
to a support 72 and projects outwardly therefrom in
cantilevered fashion. The load to be measured is applied
in the manner of arrow 73, perpendicular to the upper
surface of the load cell structure. The strain gages CI1,
C2, T1, and T2 will be interconnected in a bridge circuit
identical to that illustrated in FIG. 11. It will be seen
that, when the load cell 60 is subjected to a load perpen-
dicular to the upper surface of the load cell structure 61,
the load cell structure will deform in the manner of a
parallelogram, and this deformation will be transferred
to the bending beam 69. The strain in the bending beam
will be sensed by the strain gages and, when the bridge
circuit is energized, the output signal may be converted
into a readout, such as weight or the like. Again, it will
be noted that, although the bending beam 1s placed in
tension or compression, depending on the application of
the load, this tension or compression is shear-induced so
that the load actually being measured is substantial
shear.

Referring now to FIG. 6, it will be seen that a further
embodiment of the load cell, designated generally by
the reference numeral 80, is thereshown. The load cell
80 includes the load cell structure 81 of generally rect-
angular configuration and being milled from a suitable
rigid metallic material, such as aluminum or the like.
The load cell structure 81 includes a vertical element
82, a vertical element 83, an upper horizontal element
84, and a lower horizontal element 8S. The upper hori-
zontal element 84 is interconnected to the vertical ele-
ments by upper flexures 86, and the lower horizontal
element 85 is connected to the vertical elements by the
lower flexures 87.

The lower horizontal element 85 has a pair of longitu-
dinally spaced apart similar lower load transfer ele-
ments 88 integrally formed therewith and projecting
upwardly therefrom. The upper horizontal element 84
has an upper load transfer element 89 integrally formed

therewith and projecting downwardly therefrom.
These transfer elements are disposed in substantially

parallel relation with respect to each other and also 1n
parallel relation to the vertical elements. It will be noted
that the upper load transfer element 89 is positioned
between and spaced equidistant from the lower load
transfer elements 88. The lower load transfer elements
88 each have a substantially flat horizontal surface 90,
while the upper load transfer element 89 has a down-
wardly facing flat surface 91. The surfaces 90 of the
lower load transfer elements are disposed in coplanar
relation, but are spaced slightly below the flat surface 91
of the upper load transfer element 89.

It will be seen that a pair of frequency resonator
crystal elements Q1 and Q2 are each secured to the
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upper surface of one of the lower load transfer elements
88. Each resonator extends from the associated lower
load transfer element and is secured to the lower surface
of the upper load transfer element 89. The load transfer
elements 88, 89 and the frequency elements Q1 and Q2
function as a bending beam. Although the load transfer
elements do not bend, they do transfer the shear load to
the frequency resonator elements which deform in re-
sponse to the load. The frequency resonators Q1, Q2 are
components of resonator frequency circuitry identical
to the circuitry of FIG. 13. One end of the load cell
structure 81 is rigidly affixed to a support 92 and
projects therefrom. The load will be applied perpendic-
ular to the upper surface of the load cell structure, as
illustrated by the arrow 93. Conversely, a load may be
applied perpendicular to the lower surface of the load
cell structure 81 in the manner of the arrow 94.

When the load is applied perpendicularly to the load
cell structure 81, as shown by the arrow 93, the load cell
structure will elastically deform in the manner of a
parallelogram and the frequency resonators Q1, Q2 will
be placed in compression and tension, respectively.
Tension of the frequency resonators Q1, Q2 affects their
frequency output. Conversely, when a load is applied in
the direction of the arrow 94, perpendicular to the
lower surface of the load cell structure, the frequency
resonators will be placed in states opposite the state of
load 93. The tension or compression of these frequency
resonators is shear-induced so that the output signal
which measures the load will measure substantial shear.

Referring now to FIG. 7, it will be seen that another
embodiment of the novel load cell device, designated
generally by the reference numeral 100, is thereshown.
The load cell device 100 includes a generally rectangu-
lar-shaped load cell structure 101 milled from a blank of
metallic material, such as aluminum or the like. The
load cell structure 101 includes a vertical element 102, a
vertical element 103, an upper honizontal element 104,
and a lower horizontal element 105. The upper horizon-
tal element 104 is connected to the vertical elements by
upper flexures 106, and the lower horizontal element
105 is connected to the vertical elements by lower flex-
ures 107.

The load cell structure 101 is also provided with a
pair of vertically extending longitudinally spaced apart
elongate openings 108 therein, each being located adja-
cent one of the vertical elements, and each opening 108
cooperating with the horizontal and vertical elements
to define the upper and lower flexures. The load cell
device 101 also includes a pair of vertically spaced apart
openings 108g therein.

The load cell structure 101 also includes a pair of
vertical load transfer elements 109, each being spaced
inwardly of one of the vertical elements 102, 103. The
load transfer elements 109 are each connected to the
upper horizontal element 104 by upper flexures 110 and
are connected to the lower horizontal element 105 by
lower flexures 111. The flexures 110, 111 have a re-
duced thickness dimension in the manner of the flexures
106, 107. It will be seen that these flexures 106, 107 are
defined by the configuration of the openings 108 and
108a.

The vertical load transfer elements 109 are intercon-
nected together by a horizontally disposed bending
beam 112, which is disposed substantially parallel to the
upper horizontal element 104 and the lower horizontal
element 105. The bending beam 112 is also disposed
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substantially perpendicular to the load transfer elements
109.

The load cell structure 101 is mounted in cantilever
fashion on a support 113 and projects outwardly there-
from. The load to be applied to the load cell is indicated
by the arrow 114, which illustrates the load as being
applied perpendicularly to the upper surface of the load
cell. Strain gages C1 and T1 are applied to the upper
surface of the bending beam 112, and strain gages C2
and T2 are applied to the lower surfaces thereof. It will
be noted that the strain gages are disposed symmetri-
cally about the neutral axis 115 of the bending beam.
The strain gages are disposed in the bridge circuit 19 in
the manner of the embodiments of FIGS. 1 and 2. It will
be seen that a load is applied perpendicularly to the load
cell structure 101 and, when the bridge circuit is ener-
gized or excited, the load cell structure will deform in
the manner of a parallelogram. This distortion will be
transferred to the bending beams via the load transfer
elements 109. In this regard, the load transfer elements
109 will flex at the flexure zones 110, 111 and distort in
the manner of a parallelogram. The bending beam 112
will, therefore, be caused to bend by substantial shear
and the strain sensors C1, C2, T1, and T2 will sense the
strain in the bending beam. It will, therefore, be seen
that the load applied to the load cell structure will mea-
sure substantial shear and may be converted into a
welght readout. ._

Referring now to FIG. 8, 1t will be seen that a differ-
ent embodiment of the load cell device, designated
generally by the reference numeral 130, is thereshown.
The load cell device 130 includes a generally rectangu-
lar-shaped load cell structure 131, including a vertical
element 132, a vertical element 133, an upper horizontal
element 134, and a lower horizontal element 135. Upper
flexures 136 interconnect the upper horizontal element
134 to the vertical elements, and lower flexures 137
interconnect the lower horizontal element 135 to the
vertical elements. The load cell structure 131 is milled
from a suitable metal, such as aluminum or the like.

The load cell structure 131 has a pair of similar open-
ings 138 therethrough which define the vertically dis-
posed bending beam 139, which extends between and 1s
integral with the upper and lower horizontal elements.
The bending beam 139 is disposed in substantially paral-
lel relation with the vertical elements and 1s disposed
substantially perpendicular to the horizontal elements.
In the embodiment shown, the bending beam 139 has a
symmetrically shaped vertical opening 140 therein and
the opening 140 is of generally dumbbell configuration
to define a pair of substantially parallel opposed beam
elements 141. The opening 140 also defines a pair of
upper flexures 142, each interconnecting one of the
beam elements with the upper horizontal element 134.
The opening 140 also defines a pair of lower flexures
143, which extend between and interconnect each beam
element to the lower horizontal element 135.

The load cell structure 131 is mounted on a support
144 and projects therefrom as a cantilever. The load to
be applied to the load cell structure is designated by the
arrow 145, which illustrates the load as being applied
perpendicular to the upper surface of the load cell.
Strain gages C1, T1, C2, and T2 are secured to the beam
elements 141 and are disposed symmetrical with respect
to the neutral axis 146 of the bending beam.

When a load 1s applied, as indicated by the arrow 145,
to the load cell, the load cell will distort in the manner
of a parallelogram because of its specific construction.
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The applied load will be substantially shear and will be
transferred to the bending beam 139, which bends in
response to the shear-induced load. The strain gages
will measure strain in the bending beam, and these may
be read out as a weight measurement. It i1s pointed out
that the strain gages will be connected in a bridge cir-
cuit identically to the circuitry 51 of FIG. 12.

In the embodiment of FIG. 8, the bending beam is
more sensitive to shear-induced bending because of the
specific construction of the bending beam and allows
the load cell to measure in a different capacity range. It
is also pointed out that the load cell device illustrated in
FIG. 8 will measure substantial shear, even though the

load 1s not applied symmetrically to the upper surface of
the load cell, as required by prior art devices.
Referring now to FIG. 9, it will be seen that a slightly
different embodiment of the load cell bending beam
illustrated in FIG. 8 is thereshown. Since the load cell
device illustrated in FIG. 9 differs from the embodiment
illustrated in FIG. 8 only in the construction of the
bending beam, FIG. 9 illustrates, for the most part, a
modified version of the bending beam illustrated in
FIG. 8. The load cell device 160 illustrated in FIG. 9
includes a load cell structure 161 having vertical ele-

ments (now shown) and an upper horizontal element
164 and a lower horizontal element 165. A bending

beam 169 extends between and is integral with the

upper and lower honizontal elements in the manner of
the embodiment of FIG. 8.

The bending beam 169 also includes the dumbbell-
shaped vertical opening 170 therein to thereby define a
pair of opposed substantial parallel beam elements 171.
Upper flexures 172 interconnect the beam elements
with the upper horizontal element and lower flexures
173 interconnect the beam elements 171 with the lower
horizontal element. The beam elements 171 also each
have upper recesses 175 therein which are disposed 1n
opposed relation with respect to each other. Each beam
element also has lower recesses 176 therein which are
disposed in opposed relation with respect to each other.

One of the upper recesses 173 has a frequency resona-
tor Q2 apphied thereacross, while the other upper recess
has a frequency resonator Q1 applied thereover. The
frequency resonators Q1, Q2 are components of resona-
tor frequency circuitry identical to the circuitry of FIG.
13, and are symmetrically located with respect to the
neutral axis 174. However, the recesses 175, 176 impart
bending sensitivity to the bending beam 169 to thereby
permit measurement of a different range of shear-
induced bending of the load cell device.

Referring now to FIG. 10, it will be seen that a fur-
ther embodiment of the novel load cell device, desig-
nated generally by the reference numeral 180, is there-
shown. The load cell device 180 includes a generally
cylindrical load cell structure 181, which includes a
vertical element 182, a vertical element 183, an exterior
upper horizontal element 184, and an exterior lower
horizontal element 18S.

In the embodiment shown, the load cell structure 181
has an upper slot-like opening 186 therein, which com-
municates with an enlarged cylindrical opening 187. A
slot 188 intercommunicates the large cylindrical open-
ing 187 with an enlarged cylindrical opening 189. The
configuration of the upper slot and enlarged openings
defines the upper horizontal element 184.

The load cell structure 181 also has a slot-like open-

ing 191 in the lower portion thereof, which communi-
cates with a cylindrical opening 192 therein. A slot 193
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intercommunicates the cylindrical opening 192 with an
enlarged cylindrical opening 194. The configuration of
the lower slot and cylindrical openings defines the
lower horizontal member 18S.

It will also be noted that the load cell structure 181
has a pair of similar elongate openings 196 through the
mid-portion thereof which cooperate with each other to

define a centrally located vertically disposed bending
beam 197. The openings 196 cooperate with the upper
slots and enlarged openings to define an interior upper
horizontal element 184a. Similarly, the openings 196
cooperate with the lower slots and enlarged openings to
define an interior lower horizontal element 185a. The
load cell 181 has a centrally located axially disposed
upwardly opening recess 198 in the upper horizontal
member thereof. The load cell structure aiso has a
downwardly opening axially disposed recess 199
therein. These openings are threaded to permit end line
attachment of the load cell to a support and to a load
bearing element (now shown).

It will be seen that the openings 196 cooperate with
the upper enlarged cylindrical openings 187, 189 to
define upper flexures 200 which interconnect the inte-
rior upper horizontal element 184a with the vertical
elements of the load cell. Similarly, the openings 196
cooperate with the lower enlarged cylindrical openings
192, 194 to define flexures 201, which are disposed be-
tween the interior lower horizontal element 1854 and
the vertical elements of the load cell. The bending beam
197 has a neutral axis 202, and the strain gages C1, C2,
T1, and T2 are applied to vertical surfaces of the bend-
ing beam symmetrically about the neutral axis 202. It is
pointed out that the strain gages are connected in a
bridge circuit, as shown in the circuitry 51 of FIG. 12.

If the load cell structure 201 is secured to a support
by means of a bolt or other securing means secured in
the recess 198, then a load applied to a load bearing
element secured in the recess 199 will be vertically and
substantially perpendicular with respect to the lower
exterior horizontal element 185. The load cell structure
will deform as a parallelogram, and this load will be
transmitted to the bending beam 197, which will bend in
response to this load. In this regard, the elastic paraliel-
ogram deformation involves the vertical elements 182,
183 and the interior upper and lower horizontal ele-
ments 184ac and 185a. Since the load cell structure will
deform as a parallelogram, the load exerted on the load
cell will be substantially shear, which induces bending
of the bending beam 197. The strain gages will measure
the shear-induced strain of the bending beam, and this
load may be measured as weight. Again, it will be noted

that this arrangement discloses an end line loading of
the load cell structure.

Referring now to FIG. 11, it will be seen that another
embodiment of the load cell device, designated gener-
ally by the reference numeral 210, is thereshown. The
load cell device includes a generally rectangular-shaped
load cell structure 211, which includes a vertical ele-
ment 212, a vertical element 213, an exterior upper

horizontal element 214, and an exterior lower horizon-
tal element 215. The load cell structure 211 has an elon-

gate upper slot 216 therein, which is horizontally dis-
posed and opens outwardly along one vertical edge of
the load cell structure. The load cell structure 211 also

has a lower elongate slot 217 therein, which 1s disposed
substantially parallel to the upper slot 216, and which
opens outwardly at the other vertical edge thereof.
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The load cell structure 211 has a pair of generally

rectangular-shaped openings 218 therein adjacent the
central portion thereof. The openings 218 cooperate
with the upper slot 216 and the lower slot 217 to define
an interior upper horizontal element 219 and an interior
lower horizontal element 220. It will be noted that these
horizontal elements 219, 220 are disposed in substan-
tially parallel relation with respect to each other and are
disposed substantially parallel to the exterior upper and
lower horizontal elements. The openings 218 also define
a centrally located vertical bending beam 221, which
extends between the interior upper horizontal element
219 and the interior lower horizontal element 220.

It will be noted that the configurations of the open-
ings 218 cooperate with the upper slot 216 to define
upper flexures 222 between the interior upper horizon-
tal element 219 and the vertical elements of the load cell
structure 211. It will also be noted that the interior
lower horizontal element 220 i1s connected to the verti-
cal elements of the load cell structure 211 by lower
flexures 223.

The load cell structure 211 may be machined or
stamped from sheet stock of a smtable metal, such as
aluminum or the like. It will be seen that the exterior
upper horizontal element 214 has a plurality of openings
224 therein to permit the load cell structure to be at-
tached or connected to a suitable support structure by
screws, bolts, or the like. It will also be noted that the
exterior lower horizontal element 215 has a plurality of
longitudinally spaced apart openings 225 therein to
permit connection of the lower horizontal element by
means of screws, bolts, or the like to a load.

The bending beam 221 has strain gages C1, C2, T1,
and T2 applied to opposite vertical surfaces thereof, and
these strain gages are located symmetrically about the
neutral axis 226 of the bending beam. It 1s pointed out
that the strain gages C1, C2, T1, and T2 are connected
in a Wheatstone bridge circuit identical to the bridge
circuitry 19 of FIG. 12. Therefore, when the circuit is
energized and a load 1s applied to the load cell structure,
the latter will deform in response to the load to permit
the load to be measured by the Wheatstone bridge cir-
cuit.

In the embodiment shown, the load will be applied
perpendicularly to the exterior lower horizontal mem-
ber, and this load will cause the parallelogram defined
by the vertical elements and the interior horizontal
elements to elastically deform in the manner of the
embodiment of FIGS. 1 and 2. Since the load is applied
perpendicularly to the load cell structure, the deforma-
tion of the load cell structure, and especially the paral-
lelogram thereof, will deform in response to substantial
shear. The bending beam 221 will, therefore, elastically
deform (bend) to permit the exhibited strains in the
bending beam {0 be measured by the strain gages. Thus,
the load cell device 210 also measures the shear-induced
bending strain.

Referring now to FIG. 14, it will be seen that a differ-
ent embodiment of the load cell device, designated
generally by the reference numeral 240, is thereshown.
The load cell device 240 includes a load cell structure
241, which is of generally rectangular configuration,
and which i1s preferably machined from a block of
metal, such as aluminum, stainless steel, or the like. The
load cell structure 241 includes a vertical element 242, a
vertical element 243, an upper horizontal element 244,
and a lower horizontal element 245 ngidly intercon-
nected together. The load cell device includes a pair of
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upper flexures 246 between the upper horizontal ele-
ment 244 and the vertical elements 242, 243. The load
cell structure 241 includes a pair of lower flexures 247
between the lower horizontal element 245 and the verti-
cal elements 242, 243.

The load cell structure 241 also includes a vertically
disposed lower load transfer element 248 and a verti-
cally disposed upper load transfer element 249. It will
be noted that these load transfer elements are longitudi-
nally offset with respect to each other and are disposed
in substantially parallel relation to the end elements 242,
243 and extend substantially normal or perpendicular to
the upper and lower horizontal elements. The lower
load transfer element 248 has a substantially flat hori-
zontal upper surface 250, while the upper load transfer
element 249 has a substantially flat horizontal lower
surface 251. The surfaces 250, 251 are vertically spaced
apart from each other and are disposed in substantially
parallel relation with respect to each other and with the
upper surface of the upper horizontal element 244 and
the lower surface of the lower horizontal element 245.

It will be seen that the lower load transfer element
248 has a relatively long vertical surface 248a, which
extends down to one of the flexures 247, and also has
shorter vertical surface 2485, which extends upwardly
from the upper surface 245z of the lower horizontal
element 245. Similarly, the upper load transfer element

- 249 has a longer vertical surface 249q, which extends
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upwardly and merges into one of the upper flexures 246.
The upper load transfer element 249 also has a shorter
vertical surface 2495, which extends downwardly from
the lower surface 244q of the upper horizontal element
244,

It will also be noted that the upper horizontal mem-
ber 244 has a vertical surface 2445 which merges 1nto an
upper flexure 246. Similarly, the lower horizontal ele-
ment 245 has a vertical surface 24556 which merges into
a lower flexure 247.

A force sensor frequency resonator Q 1s secured to
and extends between the upper and lower load transfer
elements. In the embodiment shown, the force sensor
frequency resonator crystal element Q is secured to the
lower surface 251 of the upper load transfer element 249
and to the upper surface 250 of the lower load transfer
element 248. The vertical element 242 is secured to a
support 252 and projects therefrom in cantilevered fash-
ion. Arrow 253 represents the perpendicular direction
of a force applied to the upper surface of the load cell
structure 241. Arrow 254 represents the application of a
force or load applied perpendicular to the lower surface
of the load cell structure 241.

The load transfer elements 248, 249 and frequency
resonator crystal element Q define a bending beam.
Although the load transfer elements 248, 249 do not
bend, the elements support and transfer the shear load
acting on the 1oad cell to the force sensor frequency
resonator crystal element Q. When the load or force 1s
applied in the manner of arrow 253, perpendicular to
the upper surface of the load cell structure, the force
sensor frequency resonator will be placed in tension,
which affects the frequency output of the resonator
when excited by the resonator signal. Conversely, when
the force is applied in the manner of the arrow 254,
perpendicular to the lower surface of the load cell struc-
ture, the force sensor frequency resonator Q will be
placed in compression, which also affects the frequency
output of the resonator. In either event, the load cell
structure will flex and distort in the manner of a paral-
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lelogram so that the load cell will measure substantial
shear. |

It 1s pointed out that the electrical circuit for the load
cell 240 will be similar to the circuit 51, illustrated in
FIG. 13, with the exception that only one resonator
crystal element and only one oscillator will be pro-
vided. The output signal may measure the force applied
to the load cell as a weight load.

Referring now to FIG. 15, it will be seen that a differ-
ent embodiment of the load cell device, designated
generally by the reference numeral 270, is thereshown.
The load cell device 270 includes a load cell structure
271 of generally rectangular configuration and ma-
chined from a suitable metal, such as aluminum or the
like. The load cell structure 271 includes a wvertical
element 272, a vertical element 273, an upper horizontal
element 274, and a lower horizontal element 275. Upper
flexures 276 are located between the upper horizontal
element 274 and the vertical elements 272, 273. Lower
flexures 277 are located between the lower horizontal
element 275 and the vertical elements 272, 273.

The load cell structure also includes a lower load
transfer element 278 and an upper load transfer element
279, which are longitudinally offset from each other.
The upper and lower load transfer elements are also
disposed in substantially parallel relation to each other
and to the vertical elements and are substantially normal
or perpendicular to the horizontal elements. The lower
load transfer element 278 is provided with a flat substan-
tially horizontal upper surface 280, while the upper load
transfer element 279 is provided with a substantially flat
horizontal lower surface 281. The surfaces 280 and 281
are disposed in substantially parallel relation with re-
spect to each other and with respect to the upper sur-
face of the upper horizontal element 274 and the lower
surface of the lower horizontal element 275. The lower
load transfer element 278 is provided with a vertical
surface 278a, which extends from the upper surface 280

thereof to the adjacent flexure 277. The lower load
transfer element also includes a vertical surface 2785,

which extends from the surface 280 to the upper surface
275a of the lower horizontal element 275. The lower
horizontal element 275 also includes a vertical surface
275b, which merges into the adjacent flexure 277.

The upper load transfer element 279 also has a long
vertical surface 279a, which extends from the horizon-
tal surface 281 to the adjacent flexure 276. The upper
load transfer element has a shorter vertical surface 2795,
which extends from the horizontal surface 281 to the
lower surface 274¢a of the upper horizontal element 274.
The upper horizontal element 274 also has a vertical
surface 274b, which merges into the adjacent upper
flexure 276. A force sensor frequency resonator crystal

element Q extends between the vertical surface 2786 of
the lower load transfer element and the vertical surface

2796 of the upper load transfer element 279. It will again
be noted that the load transfer elements 278, 279 and the
resonator crystal element Q define a bending beam in
the manner of the embodiment of FIG. 14. One end of

the load cell structure 271 is rigidly mounted on a sup- 60

port 282. The force to be measured is represented by the
arrow 283 or the arrow 284.

When the force 1s applied in the direction of the
arrow 283, perpendicularly to the upper surface of the
load cell structure, the load cell structure will elastically
deform as a parallelogram. This deformation causes the
force sensor frequency resonator Q to be placed in
tension, which affects the frequency output signal of the
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resonator. Conversely, when the force is applied in the
direction of the arrow 284, perpendicularly to the lower
surface of the load cell structure, the force sensor fre-
quency resonator Q will be placed in compression. In
either event, the 1solation of the vertical beam elements
results in the load cell device measuring substantial
shear. It is, again, pointed out that the circuitry for the
force sensor frequency resonator element Q in the em-
bodiment of FIG. 6 will be similar to the circuitry of
FIG. 13, but will include only one force frequency
resonator element and only one oscillator.

It will be seen that, in all of the embodiments of the
load cell device, each load cell structure includes defor-
mation means which is or functions as a bending beam.
In each embodiment of the load cell device, when a load
1s applied thereto, the load cell structure elastically
deforms as a parallelogram because of its unique con-
struction. Since the load cell structure deforms as a
parallelogram, the force sensed in this deformation is
substantial shear, even though the force may not be
applied in some predetermined location as required by
prior art devices. This shear force is transferred to a
bending beam 1n all of the embodiments and even
though the bending beam elastically deforms by bend-
g, it measures only substantial shear. In all of the
embodiments, the bending beam is isolated from the
deflecting components of the load cell structure by
flexures.

It will, therefore, be seen that this novel load cell
obviates the need for auxiliary diaphragms and/or flex-
ure rods or the like. Finally, it has been found that my
novel 1oad cell device substantially reduces, if not com-
pletely eliminates, anelastic creep and static strain hys-
teresis, where the sensor supports the load.

Thus, it will be seen that I have provided a novel load
cell device, which is not only of simple and inexpensive
construction, but one which functions in a more effi-
clent manner than any heretofore known comparable
device. |

What 1s claimed is:

1. A load cell device for measuring loads applied
thereto as a weight determination, comprising:

a single-piece load cell structure including a pair of
vertically spaced apart horizontal elements, a pair
of longitudinally spaced apart opposed vertical
elements, and flexures, integral with said horizontal
and vertical elements, for connecting each horizon-
tal element with said vertical elements,

a bending beam integrally connected with said pair of
horizontal elements of said load cell and being
spaced from said flexures, said bending beam being
symmetrically spaced from and substantially paral-
lel to said pair of vertical elements and being dis-

posed substantially normal to said pair of horizon-
tal elements, said bending beam having opposed

vertical surfaces, each vertical surface having a
pair of vertically spaced apart recesses therein,
electronic sensor means mounted on said bending
beam, said sensor means including a pair of fre-
quency resonator crystal elements, each bending
beam having opposed vertical surfaces, each verti-
cal surface having a pair of vertically spaced apart

~ recesses therein,

electronic sensor means mounted on said bending
beam, said sensor means including a pair of fre-
quency resonator crystal elements, each being posi-
tioned across one of said recesses, whereby, when a
load 1s applied vertically and perpendicularly to
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the plane of one of said horizontal elements, said
load cell structure will elastically deform at said
flexures as a parallelogram to thereby transfer said bending beam and being operable to convert

shear force to said bending beam and cause shear-
induced bending of said bending beam, and 5
electronic circuitry including said sensor means pro- ok x ¥ 0X

ducing an output signal caused by deformation of

said output signal to a perceptive weight readout.
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